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Introduction
As the level of informal care that is provided has risen across countries, researchers have become increasingly interested in the impact that caring activities have on other uses of time. In particular, an expanding literature has emerged over the past couple of decades on both sides of the Atlantic on the relationship between informal care and labour market activities. Early US studies (Stone and Farley-Short, 1990; Boaz and Muller, 1992) first highlighted the large impact that informal care can have on labour market outcomes.
Subsequent studies have considered the effect that the possible endogeneity of the informal caring decision could have on estimates and some also find a strong link between care provision and labour market outcomes (Ettner, 1995) . For the UK, Charles (1998, 2003) examined the relationship between informal care provision and a range of labour market variables. They report fairly large effects of informal caring on labour market outcomes, including lower activity rates and earnings, especially for females providing more than 20 hours of care. Studies that pay attention to issues of endogeneity also find that informal care provision can have an important impact on labour force participation (Heitmueller, 2007) . In more recent years, studies have also emerged from other countries, including by Leigh (2010) for Australia, Do (2008) for South Korea, Maurer-Fazio et al. (2011) for China and Bolin et al. (2008) and Vittanen (2010) for several European countries.
However, there appears to be very little in the literature that considers the link between informal care and labour market outcomes below the national level. This is a potentially important omission given that the incidence of care provision can vary considerably across geographic space and can thus impact differently on labour market outcomes in different places. This paper attempts to fill this void by investigating the relationship between informal care provision and several labour market variables across different areas within England and Wales. It primarily focuses on an area where the provision of informal care is particularly high, namely the South Wales Valleys.
In addition to the literature on informal caring and its links with the labour market, there are also several studies that examine the causes of economic inactivity, focusing particularly on spatial variations within the UK (Fothergill, 2001; O'Leary et al., 2005) .
Economic inactivity has been a major problem in some parts of the UK in recent decades, especially in areas such as the South Wales Valleys (Blackaby et al., 2003) . In particular, it has been argued that inactivity is strongly linked to the decline in traditional sectors of employment in former industrialised areas, contributing to high rates of illness and often leading to the withdrawal of older workers (especially males), reporting some form of health problem, from the labour force. As a result, a relatively high proportion of working age individuals in areas which have seen industrial decline claim incapacity or similar types of benefits rather than being employed or claiming unemployment benefits and seeking work.
Evidence of this is provided by Beatty et al. (2007) , who examine changes in economic activity in former coal mining areas within England and Wales and report that the proportion of males on incapacity benefit was highest in South Wales, with 18.5% of working age males on such benefits compared to 13.4% across the coalfield areas as a whole. Moreover, economic activity and employment rates are also low for females in these areas. However, one aspect that generally seems to have been overlooked in these studies is the impact that informal caring activities for friends and family have on labour market outcomes. Therefore, by exploring the link between informal caring and labour market activities, for both males and females, the analysis in this paper aims to shed further light on some of the issues that surround differences in labour supply decisions between geographic areas.
In addition to the focus on sub-national considerations, another key feature of the analysis undertaken in this paper is the estimation of models separately by gender, due to the relatively high level of caring that is undertaken by some males. The analysis also takes account of health, given that carers often report problems associated with long-term sickness themselves. Some of the main findings from the econometric estimates include that employment rates are significantly lower for males and females providing more than 20 hours of informal care in each of the areas under investigation. Certain socio-economic characteristics such as education also exert a strong influence on employment outcomes in each of the areas, as well as across different care categories. Some interesting spatial variations can also be detected including that even though the relationship between caring and employment probabilities is generally stronger for females, it is larger for males in the South Wales Valleys. The impact of providing intensive levels of caring on part-time employment for females is also relatively high in the South Wales Valleys.
Informal Caring and Labour Market Outcomes
There is now quite a large literature which considers the association between informal caring and labour market outcomes. Many of these empirical studies have used either US or UK data and indeed the development of the literature in the two countries has been quite similar.
For example, in the US, the early literature generally found that there were significant opportunity costs in the labour market to informal caring (Stone and Farley-Short, 1990; Boaz and Muller, 1992) . In contrast, Wolf and Soldo (1994) use a simultaneous equations approach and found only small effects of care provision on the employment and hours of work of married females. More recent studies have tended to focus on the effect of possible endogeneity between caring and labour market activities. These include those of Ettner (1995, 1996) and Pezzin and Shone (1999) , who have applied a range of instrumental variable (IV) techniques in their attempts to identify the causal impact of caring on labour market outcomes. Even after the application of IV techniques, significant reductions in work hours are still reported for females providing informal care, which was primarily due to them leaving the labour force (Ettner, 1995) .
With respect to the UK, Arber and Ginn (1995) and Charles (1998, 2003) use the General Household Survey (GHS) to examine the relationship between care and labour market outcomes. For example, Charles (1998) examine 1985 data to estimate the effect of caring on economic activity, wages and hours for females.
They argue that the effect of caring on labour market outcomes becomes important for those females providing more than 20 hours of care, with much lower activity and earnings amongst this group. Carmichael and Charles (2003) use the 1990 survey to compare differences between males and females and, although caring reduces employment probabilities and pay for both, find that the negative effect is larger for females. Arber and Ginn (1995) use the same data to examine specific aspects of gender differences in the relationship between informal caring and paid-employment. Heitmueller (2007) focuses solely on labour market participation but attempts to control for endogeneity in several ways using the British Household Panel Study (BHPS) . By using a range of instruments and the panel element of the BHPS, he argues that the previous UK studies have over-estimated the impact of care on labour market participation. Heitmuller (2007) also investigates differences according to whether the individual is a co-residential or extra-residential carer. He reports that the impact for co-residential carers is much larger than for extra-residential carers, with no significant impact on labour market participation for the latter group of carers.
Few studies appear to focus on this issue at the sub-national level. On exception is Jones and Latreille (2008) , who report some descriptive results just for Wales using the 1998 Welsh Health Survey. In common with the UK-wide studies summarised above, they find that employment rates are far lower for people providing more than 20 hours of care per week. The reported employment rate for these intensive providers of care were much lower for both males and females, since they were less than 50% for both groups, compared with over 70% for people providing less than 20 hours of care. Informal care is also associated with a higher incidence of part-time employment, with 31% of carers in employment found to work part-time, in comparison to 18% of non-carers.
The existing literature therefore tends to highlight a strong relationship between informal care provision and labour market outcomes, even after taking account of the possible endogeneity of caring. However, despite large spatial variations in the provision of care (Shaw and Dorling, 2004; Norman and Purdham, 2010) , as well as very large differences in participation in local labour markets in the UK (Beatty and Fothergill, 2005) , there is currently very little evidence on the links between care and labour market outcomes at the sub-national level. The analysis in this paper attempts to address this deficiency, especially by focusing on the South Wales Valleys (SWV), which has been identified as the area with the highest incidence of informal caring in England and Wales (Norman and Purdham, 2010) . In addition, the SWV is generally acknowledged as having some of the highest rates of economic inactivity (Blackaby et al., 2005) and hidden unemployment (Beatty and Fothergill, 2005) in the UK. Therefore, there appears a high degree of correspondence between the areas where the highest percentage of informal carers can be found and those where the greatest levels of hidden unemployment are observed.
The concept of hidden unemployment relates to the movement of former workers, especially males, from the unemployment register onto incapacity benefit. As a result, just focusing on 'official' unemployment rates, especially using the claimant count definition produces a gross underestimate of the extent of worklessness in some areas. The hidden unemployment rates calculated by Beatty and Fothergill (2005) for districts in England and Wales are therefore likely to provide a more accurate indication of geographical variations in labour market slackness. These rates are highly influenced by the proportion of residents claiming incapacity benefit and severe disablement allowance, which are highest in former industrial areas in the North East of England, Merseyside, Yorkshire and South Wales. Using data from August 2003, Beatty and Fothergill (2005) report that although the highest sickness claimant rates were found in Easington in the North East of England, the districts with the next three highest rates were all located in the SWV. Moreover, six of Britain's top ten districts with the highest level of sickness benefit claimants were to be found in the SWV, with this area's remaining district, Torfaen, ranked just outside at number thirteen. Taken together, this evidence highlights the distinctive nature and some of the problems facing the SWV.
Data and Descriptive Statistics
The data used in this paper are mainly taken from the 2001 Census for England and Wales.
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The primary reason for this is that large samples are required in order to examine the relationship between informal caring and labour market outcomes at a spatially disaggregated level. The Census provides us with this because in theory it collects information on all persons resident in the UK on a certain date. Not only is it then possible to examine aggregate statistics on care provision, labour market outcomes and other variables from the Census but analysis can also be undertaken using some microdata files that have been made available. The Sample of Anonymised Records (SARs) contains detailed socio-5 economic information on a 3% random sample of individuals completing Census forms. However, it is not possible to identify geographical areas below the regional level in the SARs, which constrains the analysis that it is possible. Therefore, the dataset that is mainly used in this paper is the Small Area Microdata (SAM) file, which is a 5% random sample of Census returns that was specifically created to facilitate research at the sub-regional level.
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In particular, the SAM enables individuals to be identified at the Local Authority (LA) and Unitary Authority (UA) level.
3 Another reason for using Census microdata is that there are no appropriate questions in the Labour Force Survey (LFS), which is the main regular source of information on socio-economic variables in the UK. 4 The sample sizes available in other UK surveys that have been used to examine caring and labour market outcomes such as the GHS and BHPS are far too small to undertake detailed spatial analysis.
Of particular importance to this study is the question on informal care, which was Despite the 2001 Census now being rather dated, Table 1 shows that the analysis of these data is still very relevant, especially as the differences are not that great between the LFS and Census for inactivity and employment statistics. In fact, the UK male employment rate in the 2001 Census was identical to that seen in the LFS in the second quarter of 2010. For females, there has been an increase in employment and a decrease in inactivity rates. The regional rankings are also pretty much unchanged, with the highest male inactivity rates seen in Wales in both years. Inactivity is also relatively high for Welsh females but female inactivity rates are highest in Northern Ireland in both 7 years. Given that there is no question on informal caring in the LFS, the Census continues to provide the most recent information on this at the sub-national level. However, Bell (2010) using information from the Family Resources Survey reports that there has been a decline in the proportion of adults providing care in all parts of the UK, with some convergence between its constituent countries. As was the case for labour market inactivity, the provision of informal caring is found to be highest for males in Wales, and Welsh females are second only to those living in Northern Ireland in this respect. Table A1 that all seven of the UAs in the SWV are located in the top twelve districts in terms of having the highest levels of informal care in England and Wales (348 in total). Table A1 also shows that employment was generally much lower and inactivity much higher in UAs within the SWV. An important factor in this is poor health in this area and the SAM provides evidence of this by showing that the incidence of limiting long term illness, as well as self-reported poor health, was much higher in Wales compared to the UK average (Table 1 ) and in the SWV in particular (Table A1) . Table 2 reports some descriptive statistics relating the amount of care provided in the English regions and areas within Wales. It can be seen that caring was highest both amongst males and females in the SWV. In 2001, 14.0% and 18.4% of working age males and females living in the SWV provided informal care. In the ROW, the equivalent percentages were 11.8% and 14.3% and in London they were 8.7% and 11.5%. The percentage providing large amounts of care was also much higher in the SVW, with 3.2% and 4.8% of working age males and females providing 50 or more hours of informal care each week, compared to 1.2% of males and just over 2% of females in London. The number of carers in the household was also higher in the SWV, with 18.3% of households having a 6 Parts of Carmarthenshire and Swansea also tend to be included in the area that is typically thought to cover the SWV but the majority of the populations of these two UAs lies outside of these valleys.
8 single carer and 10.0% two or more carers. The equivalent percentages for London were 11.4% and 6.2%.
With regards to background labour market statistics for the four specified areas of England and Wales, Table 3 displays inactivity rates, employment rates and the percentage of part-timers for both males and females. Although inactivity rates were much higher for males in the SVW, they were particularly high for male carers of working age, with over 60% of those providing 50 or more hours of care not in the labour force. This also translated into lower employment rates since only a third of males from the SWV in this category were in work. Female inactivity rates were highest in the ROW, with 68% of working age females in the higher care category in the ROW being inactive. However, the differentials for females in the SWV were not that large relative to other parts of the UK. The percentage of workers who were part-time was low for males in each of the areas, and did not vary much by the amount of care provided. In fact, part-time rates for males were lowest in the SWV, where well under 10% of males worked part-time, even if they provided at least 50 hours of care, which was 2-3 percentage points lower than in the other areas. For females, although the percentage of part-timers was much higher and the increase in part-time work rose more sharply with the amount of care provided than it did for males, the spatial pattern is less clear. It was actually in the ROE where intensive providers of care were most likely to be part-time, with around 60% of those providing at least 50 hours of care working part-time, compared to 57% in LESE, 55% in the SWV and 51% in the ROW. Table A2 provides additional details on the weekly hours of work of carers and noncarers by reporting the distribution of hours of work by area. It shows that for both males living in the SVW who were in work tended to work fairly long hours. For example, only a very small proportion of males in the SWV worked less than 16 hours a week regardless of the amount of care they provided. Males providing an intensive level of care in this part of Wales also often had long working hours, with around a quarter of those reporting that they cared for more than 50 hours a week also supplying over 48 hours of paid work, which was the highest of all of the care categories in the SWV. There are not great differences between the other areas for males, whilst over 20% of female intensive providers of care in each area worked less than 16 hours per week.
Econometric Modelling
A series of probit models are estimated in order to examine the relationship between informal care provision and labour market outcomes. The econometric investigation that follows has been guided by the discussion and descriptive analysis from the preceding sections. For example, attention is focused on employment rather than participation in the labour market. The models have also been estimated separately for males and females. This contrasts with Heitmueller (2007) who estimates a joint model for males and females, whereas Carmichael and Charles (2003) also estimate separate models. Given the importance of part-time employment for females, especially for carers, estimates are also reported for the impact of care on whether the worker was employed for less than 30 hours a week. With respect to the measure of care that is used, an indicator is included in the models for whether the individual reported that they provided 20 or more hours of care per week. This has been done not just because of the way in which the caring variable in the Census has been banded but also due to the clear distinction in labour market outcomes for those providing at least 20 hours of care revealed in the descriptive analysis in the previous section, as well as by Carmichael and Charles (1998) .
Due to the possible co-determination of caring and labour market activities, studies have used various econometric techniques in an attempt to address the problems that might arise from this. Dealing with potential endogeneity issues is not straightforward using a dataset such as the SAM because it is a single cross-section and does not contain a wide selection of variables that could be used as suitable instruments. In contrast, Heitmueller (2007) makes use of both the time dimension of the BHPS and access to a wider range of potential instruments to estimate IV probit models of labour market participation. However, one drawback of this approach is that it is more difficult to interpret and compare the results obtained from IV probit models. For example, Heitmueller (2007) notes that the use of instruments increases the coefficient measuring the impact of caring on the probability of employment. 7 There are also more general criticisms of IV estimates when the correlation between the potentially endogenous variables and instruments is weak. In particular, Bound et al. (1995) suggest that the use of IV techniques in such circumstances can produce large inconsistencies in the estimates. This can even be the case in data sets with a large number of observations, like the SAM. As a result, they conclude that valid instruments are difficult to find and that the use of inappropriate instruments can do more harm than good.
In terms of the other explanatory variables, similar regressors have been included to those used by Charles (1998, 2003) and Heitmueller (2007) . In particular The next set of models is estimated separately for males and females in the four areas (denoted by the j subscript) and we are particularly keen to observe how the γ coefficient, reported by a marginal effect in the results, varies by area. This implies that the second set of models that is estimated becomes:
It is also of interest to establish whether the characteristics of those who are employed in the four different areas varies according to the amount of care that they provide and also whether there are differences between the areas. Therefore, the final set of models is estimated separately by gender in each area and the estimates are also reported according to whether or not the individual provides the threshold (20 hours per week) level of care: Table 4 contains marginal effects and standard errors from three sets of probit models for employment outcomes that have been estimated for males and females. A set of estimates for the probability of having a job is reported separately for males and females, whilst another set of estimates relates to the factors determining whether or not females are employed on a part-time basis. The first point to note from the table is that the impact of the care dummy on the probability of employment is pretty similar for males and females, with the employment rate for males and females providing an intensive level of care being respectively around 18 and 20 percentage points lower than comparable individuals who do not. There are significant employment differences by area, with the lowest employment rates for males found in the SWV in 2001. The difference with respect to the other areas was around 9 percentage points compared to the LESE, 6 percentage points to the ROE and 3
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percentage points compared to the ROW. Employment rates were also lower for females in the SWV, with a slightly smaller differential observed relative to the English areas in comparison to males.
The other estimates in the table are consistent with expectations and other empirical studies of employment. For example, employment rates are by far the lowest in the highest working age category: 60-64 for males and 50-59 for females. Education exerts a strong positive effect on employment probabilities, particularly for females. There are also large ethnic differences, with significantly lower employment rates observed for males and females in each of the ethnic minority groups. Health has a very strong effect, particularly for males with those reporting that their health was not good around 50 percentage points less likely to be in employment compared to males reporting good health. The presence of dependent children also significantly reduces employment for females. Female workers providing at least 20 hours of care per week were around 7 percentage points more likely to be employed on a part-time basis. In contrast to the employment estimates, females in the SWV were the least likely to work part-time after controlling for other characteristics. The probability of parttime employment for females is highest for the youngest and oldest workers, white, those with no qualifications and for married mothers with dependent children. Table 5 reports estimates for the impact of providing intensive levels of care on employment for the four different areas. It can be seen the marginal effect of this care dummy on the probability of employment is very similar in the four areas since individuals were approximately 20 percentage points less likely to have a job compared to those who provide less than 20 hours of care in each of the four areas. There are, however, greater spatial variations in the influence of care on both male employment probabilities and on parttime work for females, with in both cases the impact being largest in the SWV. In particular, males in the SWV who were intensive providers of care were 22 percentage points less likely to be in employment, which as well as being three percentage points higher than that observed in the ROE and ROW is also higher than the relative effect seen for females in the SWV. The smallest effect of caring on the probability of employment occurs for males in LESE. The impact of intensive caring on part-time employment for females was also highest in the SWV, with the marginal effect of this variable around a percentage point above that obtained in the two areas of England and over four percentage points greater than in the ROW.
Tables 6, 7 and 8 contain marginal effects for each of the explanatory variables in the models from estimating equation (3) for the probability of being in employment separately for males and females and then for the probability of part-time work for females. The estimates for those providing less than 20 hours of care appear on the left hand side of each table, whilst the equivalent information for intensive providers of care is shown on the right hand side. The impact of the explanatory variables is generally of the same sign and of a similar magnitude in each of the areas, although there are some variations in these according to particular care category. It should be noted though that the sample sizes for the two Welsh areas, in particular the SWV, are quite small for intensive providers of care. Table A3 in the Appendix contains the mean values of the explanatory variables for males and females in each of the four areas. Average characteristics also tend to be fairly similar across areas, although there are some differences worth highlighting including the relatively high (low) levels of people with no (degree) qualifications in the SWV. The percentage reporting that they are not in good health is also relatively high in this area, whereas only 1 per cent of the working age population in the SWV is non-white. This has an impact on the explanatory variables that can be included in these models since the small number of ethnic minority individuals in the sample for the SWV means that ethnic controls are excluded.
Several features are noticeable from Table 6 with reference to the probability of employment for males. Again many of these pertain to the SWV including the large positive effect of qualifications on employment for those providing less than 20 hours of care. In addition, the estimates reveal that amongst this care category, the strongest negative employment effects are observed in the SVW for 60-64 year old males and those reporting that they were not in good health. As noted above, the number of observations in the model estimated for intensive providers of care is much smaller and this means that many of the marginal effects for the explanatory variables are not statistically significant. However, a strongly negative employment effect is found for males providing at least 20 hours of care per week living in large households in the SWV, whereas this effect is not apparent in the other areas. The very large non-employment rates for the 60-64 age group is again evident for this care category in the SWV, although the marginal effect is lower than it is in the ROW.
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The importance of qualifications for employment is also demonstrated for females in Table 7 . This applies to both care categories and the magnitude of the marginal effects of having particular qualifications in comparison to none at all is greater than it is for males in all four areas. The comparison between the effect of qualifications for the two care categories by area is mixed, with it appearing stronger for intensive providers of care in England, and to some extent for the ROW, whereas some very large marginal effects are observed for females providing less than 20 hours of care in the SWV. As was the case for males, the negative employment impact of not being in good health is also highest in the SWV for this care category. Similarly, the reduction in the probability of employment for intensive older carers is again most noticeable in the SWV, with 50-59 year old females in this category having a 27 percentage point lower employment rate compared to 16-19 year old females. However, this effect is only significant at the 10 per cent level because of the small number of observations.
The impact of socio-economic characteristics on part-time employment for females is reported for the two care categories in Table 8 . Amongst intensive providers of care, there are few significant effects for any of the areas. The exceptions to this are for qualifications, which again exert a very strong influence, and the presence of dependent children in the household. Ethnic dummies are also significant in LESE, with each of the ethnic minority groups significantly less likely to work on a part-time basis in comparison to whites. This is also true for Asians in the ROE, whereas cell sizes in this care category are small for the ethnic minority groups in the ROW. Although not generally significant, even at the 10% level, the sign on many of the age dummies for intensive providers of care is positive compared to the reference category of aged 16-19. This contrasts with the results for the other care category, where the 16-19 year old group is the most likely to work part-time in each of the areas and the differences are large apart from in comparison to 50-59 year olds.
Conclusion
In common with previous US and UK studies, involvement in the provision of informal care is found to be associated with much lower rates of labour market participation and employment for both males and females and with shorter working hours for females. However, this study has addressed the issue from a sub-national perspective, allowing variations to be identified between areas within a country. In particular, the main focus of this study is on an area which has high levels of caring, the South Wales Valleys. Although the descriptive analysis suggests that the relationship between caring and labour market activity is fairly similar to that which exists in other parts of England and Wales, despite having higher levels of informal caring, the econometric analysis reveals some interesting variations between areas.
These include the larger relative impact of intensive caring on part-time employment for females in the South Wales Valleys. Providing high amounts of care also has the greatest impact on reducing the probability of employment for males in the South Wales Valleys, despite their lower overall employment rates. However, the descriptive statistics suggest that those males who provide large amounts of care in the South Wales Valleys also worked relatively long hours, with very few working less than 16 hours per week.
In terms of future research on this issue then it will be interesting to observe whether the patterns identified in this study have persisted. For example, these estimates relate to 2001, a time when the provision of informal caring was very high and the proportion of informal carers appears to have fallen across the UK since then (Bell, 2010) . The availability of information from the 2011 Census in a couple of years should enable comparisons to be made with the position that prevailed in 2001, given the same question was asked on informal care provision. However, a drawback of the data that have been used is that although they are suited to examining the issue from a sub-national perspective, it is difficult to use them to deal with concerns connected to the possible endogeneity of informal caring.
Therefore, it may prove tricky to address these concerns from a sub-national perspective even in the future because of the nature of the information normally included in Census microdata, unless additional data can be matched in.
The findings in this paper suggest that a freeing up of resources through the increased provision of formal care may have some beneficial effects for local labour markets. This is because of the indirect effect of ill-health since higher levels of informal care limit participation in the labour market. However, because of the current constraint on public sector budgets in the UK, the increase in such a resource is very unlikely. It is also unclear what effect future changes to the benefits system such as introduction of more formal testing and the continued replacement of incapacity benefit with the seemingly less favourable Employment Support Allowance, in an attempt to get claimants off benefits and into work, will have. For such policies to be effective then it is likely that there will be a simultaneous need for a significant amount of job creation in the most affected areas. For example, Beatty and Fothergill (2011) estimate that 70,000 extra jobs are needed in the South Wales Valleys to bring the employment rate up to those seen in the parts of the UK with the highest rates.
Therefore, it would appear that focusing just on benefit reform, without any accompanying policies to boost labour demand, is unlikely to boost participation in areas with high levels of ill-health and informal care provision. Furthermore, if the government's austerity measures lead to cutbacks in formal care provision, the estimates reported in this paper would suggest there could be a further divergence in labour market outcomes between areas according to the levels of informal care that are provided. Notes: The sample used to calculate the percentage with a long term illness is the population over 16. The sample used to calculate the percentage providing care, employment and inactivity rates is the working age population (16-59/64). Inactive students have been excluded from the sample used to calculate the inactivity and employment rates. The statistics from the LFS are based on weighted data. 
